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is configured to control gas flow in and out of the enclosure
space.
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Store a reticle inside a reticle pod.

é’ 404

Open a first valve in the reticle pod.

Vacuum pump the reticle pod through the
: first valve. 5

Close the first valve after vacuum
pumping.

!

Release vacuum in the reticle pod by
opening the first valve.

!

Open a second valve in the reticle pod.
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Y 414
Pump in a purge gas to the reticle pod |
through the second valve.

¥ 416
Clase the second valve.
¥ 418

Store the reticle pod.
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1
RETICLE POD

TECHNICAL FIELD

The present disclosure relates generally to a reticle pod.

BACKGROUND

Reticle pods are used to store reticles. For some reticle
pods, reticles are subject to the risk of particle contamination
and chemical outgassing because the reticle pods are not fully
sealed. To control such contamination, a purge gas is used to
continuously purge the reticle pod.

BRIEF DESCRIPTION OF THE DRAWINGS

Reference is now made to the following descriptions taken
in conjunction with the accompanying drawings, in which:

FIG. 1 is a schematic diagram of an exemplary reticle pod
according to some embodiments;

FIG. 2A is a schematic diagram of a gas control hole in the
exemplary reticle pod in FIG. 1 according to some embodi-
ments;

FIG. 2B is a bottom view of the gas control hole in FIG. 2A
when the valve inside is opened according to some embodi-
ments;

FIG. 2C is a bottom view of the gas control hole in FIG. 2A
when the valve inside is closed according to some embodi-
ments;

FIG. 2D s atop view of the outer pod door of the reticle pod
in FIG. 1 according to some embodiments;

FIG. 3 is a schematic diagram of another exemplary reticle
pod according to some embodiments; and

FIG. 4 is a flowchart of an exemplary method for the reticle
pod in FIG. 1 and/or FIG. 3 according to some embodiments.

DETAILED DESCRIPTION

The making and using of various embodiments are dis-
cussed in detail below. It should be appreciated, however, that
the present disclosure provides many applicable inventive
concepts that can be embodied in a wide variety of specific
contexts. The specific embodiments discussed are merely
illustrative of specific ways to make and use, and do not limit
the scope of the disclosure.

In addition, the present disclosure may repeat reference
numerals and/or letters in the various examples. This repeti-
tion is for the purpose of simplicity and clarity and does not in
itself dictate a relationship between the various embodiments
and/or configurations discussed. Moreover, the formation of a
feature on, connected to, and/or coupled to another feature in
the present disclosure that follows may include embodiments
in which the features are formed in direct contact, and may
also include embodiments in which additional features may
be formed interposing the features, such that the features may
not be in direct contact. In addition, spatially relative terms,
for example, “lower,” “upper,” “horizontal,” “vertical,”
“above,” “over,” “below,” “beneath,” “up,” “down,” “top,”
“bottom,” etc. as well as derivatives thereof (e.g., “horizon-
tally,” “downwardly,” “upwardly,” etc.) are used for ease of
the present disclosure of one features relationship to another
feature. The spatially relative terms are intended to cover
different orientations of the device including the features.

FIG. 1 is a schematic diagram of an exemplary reticle pod
100 according to some embodiments. The reticle pod 100
includes an outer pod shell 108 and an outer pod door 110 that
is disposed under the outer pod shell 108. The outer pod shell
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2

108 and the outer pod door 110 form an enclosure space to
store a reticle 102. The reticle 102 comprises SiO, and TiO,
films in some embodiments and has a size of 150x150 mm in
one example.

The outer pod shell 108 and the outer pod door 110 com-
prise PEEK (polyether ether ketone), another polymer, or any
other suitable material. One exemplary outer pod shell 108
and has a size of 280x290x80 mm and one exemplary outer
pod door 110 has a size of 260x270x40 mm. The outer pod
shell 108 and the outer pod door 110 can have any other size
suitable for various applications.

The outer pod door 110 has at least one gas control hole
such as gas purge holes 114a and vacuum holes 1145. Each
gas control hole such as 114 or 1145 has a valve such as 202
in FIG. 2A and a filter element such as 206 in FIG. 2A to fully
seal the reticle pod 100 when the valve 202 is closed. Even
though two gas purge holes 114a and two vacuum holes 1145
are shown in FIG. 1, any number of gas control hole(s) such
as one, two, three, . . . , etc. can be implemented in other
embodiments that may also combine the function of the gas
purge hole 1144 and the vacuum hole 1145.

A seal ring 1124 is disposed between the outer pod shell
108 and the outer pod door 110. The seal ring 112a seals the
gap between the outer pod shell 108 and the outer pod door
110. The seal ring 1124 has a circular cross section shape in
FIG. 1, but may have any other shapes in other embodiments.
The seal ring 112a comprises fluorocarbon such as commer-
cially available Viton, nitrile butadiene rubber (NBR), or any
other suitable material.

An inner pod cover 104 and an inner pod base plate 106 are
arranged to store a reticle 102 inside the reticle pod 100. The
inner pod cover 104 and the inner pod base plate 106 comprise
electroless nickel, stainless steel, or any other suitable mate-
rial. One exemplary inner pod cover 104 has a size of 220x
190x20 mm and one exemplary inner pod base plate 106 has
a size of 190x190x10 mm. The inner pod cover 104 and the
inner pod base plate 106 can have any other size suitable for
various applications.

The reticle pod 100 is fully sealed and capable of main-
taining a vacuum pressure ranging from 1072 to 1077 torr in
some embodiments. The reticle pod 100 is used for extreme
ultraviolet (EUV) reticle pod in some embodiments. By fully
sealing the reticle pod 100, the contamination risk from
reticle particles, chemical elements, and/or outgassing can be
avoided.

Further, the reticle storage procedure can be simplified
because the fully sealed reticle pod 100 does not need con-
tinuous purging of gas. After vacuuming and purging with a
purge gas such as nitrogen, the reticle pod 100 can be put into
storage. In comparison, for some other reticle pods that are
not fully sealed, the reticle pods are continuously purged
using a purge gas such as commercially available extreme
clear dry air (XCDA).

FIG. 2A is a schematic diagram of a gas control hole 114
(representing 114a and 1145) in the exemplary reticle pod
100 in FIG. 1 according to some embodiments. In some
embodiments, the gas control hole 114 has a diameter of 8
mm-15 mm, and can have any other suitable size in other
embodiments. The valve 202 and filter element 206 are shown
inside the gas control hole 114. The valve 202 is arranged to
control a gas flow in and out of the enclosure space of the
reticle pod 100.

The valve 202 comprises stainless or any other suitable
material. In some embodiments, the valve 202 has an inner
diameter of 4 mm-8 mm and an outer diameter of 8 mm-15
mm, and can have any other suitable size in other embodi-
ments. The filter element 206 is disposed in the gas control
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hole 114 to filter out contaminants or particles in the gas
moving in and out of the gas control hole 114. The filter
element 206 comprises ultra-high molecular weight polyeth-
ylene (UPE) or any other suitable material. The filter element
206 has a specification of less than 30 nm in some embodi-
ments. In one example, the filter element 206 has a diameter
of 7 mm with 0.1 mm thickness and has a specification of 30
nm for particle control and good speed for purge in/out.

FIG. 2B is a bottom view of the gas control hole 114 in FIG.
2A when the valve 202 inside is opened (e.g., by rotating
around a rotation axis 204) according to some embodiments.
The valve 204 is rotated 90 degrees around the rotation axis
204 from a closed position in FIG. 2A to an open position to
allow gas move in or out.

FIG.2C s a bottom view of the gas control hole 114 in FIG.
2 A when the valve 202 inside is closed (by rotating around a
rotation axis 204) according to some embodiments. The valve
202 is rotated 90 degrees around the rotation axis 204 from
the open position in FIG. 2B so that the gas control hole 114
is sealed and there is no gas movement in or out.

FIG. 2D is atop view of the outer pod door 110 of the reticle
pod 100 in FIG. 1 according to some embodiments. The seal
ring 112a is shown along the edges. The gas purge holes 114a
and vacuum holes 1145 are arranged on both sides of the inner
reticle cover 104 so that the gas flow will be evenly distrib-
uted. In other embodiments, different number of gas control
holes can be used, e.g., one, two, or any other number. (The
gas purge hole 114a and vacuum hole 1145 can be combined
in some embodiments.)

FIG. 3 is a schematic diagram of another exemplary reticle
pod 300 according to some embodiments. The reticle pod 300
is similar to the reticle pod 100 except that the cross section of
the seal ring 1125 in FIG. 3 has a flat top shape to increase the
sealing area between the outer pod shell 108 and the outer pod
door 110. The cross section ofthe seal ring 1125 has a T shape
in FIG. 3, and it can be any other flat top shape or any other
shape suitable to fully seal the reticle pod 300. The reticle pod
300 is used for extreme ultraviolet (EUV) reticle pod in some
embodiments.

FIG. 4 is a flowchart of an exemplary method for the reticle
pod in FIG. 1 and/or FIG. 3 according to some embodiments.
At step 402, a reticle is stored inside a reticle pod. At step 404,
a first valve in the reticle pod, e.g., in a vacuum hole, is
opened. At step 406, the reticle pod is vacuum-pumped
through the first valve to avoid the contamination risk from
particles and/or outgassing. The vacuum pressure ranges
from 102 to 1077 torr in some embodiments. At step 408, the
first valve is closed after vacuum pumping. At step 410, the
vacuum pressure in the reticle pod is released, e.g., to a
pressure of 1 bar, by opening the first valve.

At step 412, a second valve in the reticle pod, e.g., in a gas
purge hole, is opened. At step 414, a purge gas is pumped in
to the reticle pod through the second valve. In some embodi-
ments, nitrogen or commercially available extreme clear dry
air (XCDA) is used as the purge gas. Any other suitable purge
gas or combination thereof can be also used in other embodi-
ments. At step 416, the second valve is closed. At step 418, the
reticle pod is stored. There is no need for continuous pumping
of'the purge gas because the reticle pod is fully sealed in some
embodiments.

According to some embodiments, a reticle pod includes an
outer pod shell and an outer pod door disposed under the outer
podshell. The outer pod door has at least one gas control hole.
A seal ring is disposed between the outer pod shell and the
outer pod door. A valve is disposed in each gas control hole.
The outer pod shell and the outer pod door are configured to
form an enclosure space in order to store a reticle. The seal

20

30

40

45

50

60

4

ring seals the gap between the outer pod shell and the outer
pod door. The at least one valve is configured to control gas
flow in and out of the enclosure space.

According to some embodiments, a method includes load-
ing a reticle inside a reticle pod. A valve in the reticle pod is
opened for vacuum pumping. The reticle pod is vacuum
pumped through the opened first valve.

A skilled person in the art will appreciate that there can be
many embodiment variations of this disclosure. Although the
embodiments and their features have been described in detail,
it should be understood that various changes, substitutions
and alterations can be made herein without departing from the
spirit and scope of the embodiments. Moreover, the scope of
the present application is not intended to be limited to the
particular embodiments of the process, machine, manufac-
ture, and composition of matter, means, methods and steps
described in the specification. As one of ordinary skill in the
art will readily appreciate from the disclosed embodiments,
processes, machines, manufacture, compositions of matter,
means, methods, or steps, presently existing or later to be
developed, that perform substantially the same function or
achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the present disclosure.

The above method embodiment shows exemplary steps,
but they are not necessarily required to be performed in the
order shown. Steps may be added, replaced, changed order,
and/or eliminated as appropriate, in accordance with the spirit
and scope of embodiment of the disclosure. Embodiments
that combine different claims and/or different embodiments
are within the scope of the disclosure and will be apparent to
those skilled in the art after reviewing this disclosure.

What is claimed is:

1. A reticle pod, comprising:

an inner pod cover;

aninner pod base plate, wherein the inner pod cover and the

inner pod base plate are configured to form an inner
space to store a reticle;

an outer pod shell;

an outer pod door disposed under the outer pod shell, the

outer pod door having two gas purge holes and two
vacuum holes;

a seal ring disposed between the outer pod shell and the

outer pod door; and

four valves, each valve disposed in a respective gas purge

hole or vacuum hole;

wherein the outer pod shell and the outer pod door are

configured to form an enclosure space around the inner
pod cover and the inner pod base plate, the seal ring seals
a gap between the outer pod shell and the outer pod door,
the four valves are configured to control gas flow in and
out of a same chamber of the enclosure space, an outer
edge of the chamber being bounded by the outer pod
door and the outer pod shell, and wherein the four valves
are located within a solid section of the outer pod door
and do not extend beyond the solid section of the outer
pod door.

2. The reticle pod of claim 1, wherein the enclosure space
is capable of maintaining a vacuum pressure ranging from
10-2 to 10-7 torr.

3. Thereticle pod of claim 1, further comprising at least one
filter element, wherein each of the at least one filter element is
disposed in a respective gas purge hole or vacuum hole.

4. The reticle pod of claim 3, wherein the at least one filter
element has a specification of less than 30 nm.

5. Thereticle pod of claim 1, wherein a cross section of the
seal ring has a circular shape.
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6. The reticle pod of claim 1, wherein a cross section of the
seal ring has a flat top shape.

7. The reticle pod of claim 6, wherein the cross section of
the seal ring has a T shape.

8. The reticle pod of claim 1, wherein the outer pod shell
and the outer pod door comprise a polymer.

9. The reticle pod of claim 1, further comprising a reticle in
the enclosure space, the reticle comprising SiO2 and TiO2
films.

10. A reticle pod, comprising:

an inner pod cover;

an inner pod base plate;

an outer pod shell;

an outer pod door disposed under the outer pod shell, the

outer pod door having at least one gas control hole;

a seal ring disposed between the outer pod shell and the
outer pod door, wherein a cross section of the seal ring
has a circular shape;

at least one valve, each valve disposed in the respective gas

control hole and within the outer pod door such that it

does not extend beyond edges of the outer pod door; and
at least one filter element disposed in the respective gas
control hole;

wherein the outer pod shell and the outer pod door are

configured to form a first enclosure space, the inner pod

cover and the inner pod base plate are configured to store

a reticle inside a second enclosure space, the second

enclosure space being comprised in the first enclosure

space; and

wherein the seal ring seals a gap between the outer pod

shell and the outer pod door, and the at least one valve is
configured to control gas flow in and out of a chamber,
the chamber being comprised within the first enclosure
space but not including the second enclosure space, an
outer edge of the chamber being bounded by the outer
pod door and the outer pod shell.

11. The reticle pod of claim 10, wherein the gas control
hole comprises a gas purge hole, a vacuum hole, or a combi-
nation thereof.
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12. The reticle pod of claim 10, wherein the first enclosure
space is capable of maintaining a vacuum pressure ranging
from 10-2 to 10-7 torr.

13. The reticle pod of claim 10, wherein the outer pod shell
and the outer pod door comprise a polymer.

14. A reticle pod, comprising:

an inner pod cover;

aninner pod base plate, wherein the inner pod cover and the
inner pod base plate are configured to store a reticle in an
inner space;

an outer pod shell;

an outer pod door disposed under the outer pod shell, the
outer pod shell and the outer pod door forming an enclo-
sure space, the outer pod door having four gas control
holes comprising gas purge holes, vacuum holes or a
combination thereof, each gas control hole configured to
control gas flow in and out of a same chamber of the
enclosure space;

a seal ring disposed between the outer pod shell and the

outer pod door; and

at least one valve, each at least one valve disposed in a

respective gas control hole.

15. The reticle pod of claim 14, wherein the enclosure
space is capable of maintaining a vacuum pressure ranging
from 10-2 to 10-7 torr.

16. The reticle pod of claim 14, wherein a cross section of
the seal ring has a circular shape, a flat top shape, ora T shape.

17. The reticle pod of claim 14, further comprising at least
one filter element, wherein each of the at least one filter
element is disposed in a respective gas control hole.

18. The reticle pod of claim 14, further comprising a reticle
in the enclosure space, the reticle comprising SiO2 and TiO2
films.

19. The reticle pod of claim 14, wherein the outer pod shell
and the outer pod door comprise a polymer.
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